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B pa6oTax1 1•21 npHBelleHbi peaynhT8Tbi uccnenosaHHH cneKTpoMeTpH"'eCKHX 

CBOftCTB Jl9T9KTOpOB H8 OCHOBe KOHll9HC8TOB aprOH8: H KC9HOH8o TaM )1(9 OllH

C8Hbl KOHCTpyKUHH llBYX aKcnepHMeHT8nbHbiX HOHH38UHOHHblX KaMep: 1) C )I(HJlKHM 

H TB9pllb!M aprOHOM H 2) C )l(lfJlKHM KC9HOHOMo 3TH K8M9pb! HCllOnb30B8nHCb 

, dE , 
B OCHOBHOM K8K Jl9T9KTOpb! -rx- Ha ny"'Ke 17 -Me30HOBo llpH aTOM 

perHcTpHposanHCb aMnnHTYllHbie cneKTpbi cHrHanoB neTeKTopoB. CpaBHSHHe no

ny"'eHHhiX cneKTpOB C p8C"'~THb!MH ll03BOmlnO OU9HHTb norpe111HOCTH 1 BHOCHMbie 

neTeKTopoM. norpeiiiHOCTH cneKTpoMeTpH"'ecKoft annapaTyphi non)I(Hbi 6bmH 5hiTb 

IIpH aTOM npeae6pe)I(HMO M8nbiMHo 

BnoK-cxeMa cneKTpoMeTpH"'ecKoro TpaKTa, Hcnonh30B8HHOro npH pa6oTe 

C KaMepaMH H8 KOHil9HC8T8X 

CHraan c aaoaa KaMephl 

aprOH8 H KCeHOH8 1 llOK838H8 H8 pHC. 1. 

K noaaeTCSI ua KaMepHbift npeaycHnHTenb 

llY, H83H8"19HH9 KOTOporo 38KniD"'89TCH B nony"'eHHH CHrHana, nponopUHOH8nb

HOrO aapSiay, aaseaeHHOMY aa auoae, c aMnnHTyaoft, aocTaTO"'Hoft anSI nepe

aa"'H no anHHHOMY Ka6eniD 6ea yxyallleHHSI OTHOIIlaHHSI "cHrHan-lllyM' o llanee 

CHrHan nocTynaeT H8 BXOa nHHeftHorO cneKTpOMeTpH"'aCKOrO ycHnHTanSI nY, 
rae oaHOBpeMeHHO C ycHneHHeM npOBOaHTCSI ¢HnbTp8UHSI CHrHana. 3aTeM OH 

npoxoAHT "'epea noporoBoe ycTpoftcTBo (aKcnaaaep) 3 H nocTynaeT B auanH

aaTop AM anSI aMnnHTyauoro aaanHaa. 

CKsoaHaH aMnnHTyaHaSI KanH6poBK8 TpaKTa nposoaHnach "'epea aoaHpyiD

IIIYID eMKOCTb npeaycHnHTenSI OT reaepaTopa TO"'IIOft aMnnHTyahi fK. 
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3arrycx aaanHaaTopa ocyiiiecTansmcsr oT cxeMbi coana.CleHHil:, aa axo.!l xo

Topoil: IIOCTynanH CHrH8llbl OT CHCTeMbi CUifHTHnnHUHOHHbiX C'lt'!T<JHKOB 0 II03BO

m!IOIIIHX 'hb!.[lenHTb " mo6oA Y'I8CTOK 'lyBCTBHTenbHOro 06'beMa HOHH38UHOHHOA 

xaMepbl. 

PeaynbT8Tbl 8H8liH38 Bb!BO.ClHliHCb Ha UHtiJponeqaTb un. Ha6mo.[leHHe H 

tf>oTorpatiJHpOB8HHe tiJopMbl CHrHana IIpOBO.ClHliOCb C IIOMOIIIbiO OCUHllliOrpatf>a Ocu. 

llHT8HHe HOHH38UHOHHhlX K8Mep IIO.Cl8B8ll0Cb Ha K8TO.Cl OT perynHpyeMoro 

BbiCoxoaon·&THoro HCTO'IHHKa 11n O-t30 xa qepea paaasrabiB&IOIURfi tiJHn&Tp 4>. 

llpH paapa6oTKe cHraan&Horo TpaKTa 6bmH y"!TeHbi cne.!ly!OmHe caoil:cTaa 

KOH.CleHC8TOB aproHa H KCeHOH8 K8K .CleTeKTHPYIOIIIHX Cpe.ClCTB: 

IIO.ClBH>KHOCTH OTpHUaTellbHbiX H IIOliO>KHTenbHb!X HOCHTenefi B cna6biX •r 
- + 

rronsrx P. o • P. o 

CKOpOCTb .Clp eAtiJa OTpHil&TenbHbiX HOCHTe~eft B CHllbHbiX IIOliSIX V s 

cpe.ClHHH 8HeprHsr o6p830BaHHH napbl HOHOB 

ynenbHaH npOBO.ClHMOCTb Y i 

nHanexTpH"!ecxasr npoHHuaeMoCTb l • 

cu ; 

YK838HHbie CBOACTB8 HCcne.ClOBaHbi B pa6oTax/3,4,5/ , Ha OCHOBaHHH KO

TOpbiX MOJKHO C.ClenaTb Clle.[lyiOIIIHe BbiBO.Clbi: 

OTpHuaTellbHbiMH HOCHTeliHMH B >KH.ClKHX H TBep.ttbiX aproHe H KCeHOHe 

HBliHIOTCH aneKTpOHbii IIO.ClBH>KHOCTb HX B cna6biX IIOliHX BbiCOKa/3 / i 

IIO.[lBHJKHOCTb IIOliOJKHTenbHbiX HOCHTenell: 'lpe3Bbi"!8AHO HH3K8 HliH npaKTH

"!eCKH~.OTCyTCTByeT ( HarrpHMep, B TBep.[lOM aproHe) /3,4/ i 

CKOpOCTb llpefttf>a aneKTpOHOB B CHllbHhlX IIOliHX cna6o 38BHCHT OT H8IIpHJKeH

HOCTH /S/ • • 
Cpe.ClHHH aHeprHH 06pa30BaHHH rrapbi HOHOB MOJKeT 6biTb rrpHHHTa paBHOfi 

BeliH"!HHe SHeprHH .ClliSI COOTBeTCTBYIOIIIero raaa /5/; 

ynen&Hasr npoaonRMOCT& npeae6peJKHMo Mana, T.K. yxaaaaabie cpenbi HB

liHIOTCH .ClH8lleKTpHKaMH /Sf. 

ManOIIO.ClBH>KHOCTb IIOliOJKHT9llbHbiX HOCHTenefi IIpHBO.ClHT K 38BHCHMOCTH 

8MIIliHTY.Clbi CHrHana OT IIOliOJK9HHH TpeKa OTHOCHT9llbHO 8ll9KTpO.ClOB KaMepbi 0 

T.K. npHXO.ClHTCH Bbi.CleliHTb TOllbKO "6biCTpy10~ 8ll9KTpOHHYI0 0 KOMIIOHeHTY HaBe

.CleHHOrO aapsr.!la. KpoMe Toro, npH HHTeHCHBHOM o6ny'leHHH cHn&HOHOHH3Hpy10-

IIIHMH '18CTHU8MH B03MOJKHa IIOliS!pH38UHSI cpellbl, 'ITO 6b!ll0 o6HapyJKeHO H HCCne

LIOB8HO/ 1 I. 
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nnH 4JopMHpOB8HHSI '18CTOTHOfi IIOliOCbl CIIeKTpOMeTpH"!eCKOrO Tp8KT8 He-

o6xo.!lHMO 3aaT& apeMsr c6opa anexTpoaoa a xaMepax. Oao aaBHCHT oT MeJK

aneKTpO.ClHOrO paCCTOSIHHH, KOOPOHH8T Tpexa H aanpsrJKeHHOCTH nonsr. B pa6o-

Te/3/ H8ALieH0
0 

'ITO atf>tf>eKTHBHblH c6op aneKTpOHOB B JKHOKOM aproHe OOCTHran

CSI npH nonsrx, npeBbilliBIOIIIHX 5xa·cM-1, T.e. a o6nacTH cHnbHoro nonH/31, rne 

CKOpOCTb .Clpefttf>a cna6o 38BHCHT OT H8IIpHJKeHHOCTH. llo3TOMY OUeHKY apeMeHH 

c6opa aneKTpoaoa uenecoo6paano npoaecTH Ton&KO .!lliH cHnbaoro nonsr. C yqt'!

TOM aToro MaKCHMan&aoe apeMsr c6opa anexTpoaoa (.ClnH npe.[len&aoro MeJK

= 1 CM) COCT8B~T/3/: anexTponaoro paccTOHHHH d max 

nnsr JK.H.!lKoro aproaa: 

T 
dmax 1 -6 

= = ------ = 1,3 • 10 CeK 

" v 7,9. 105 
s 

nnsr TBepnoro aproaa: 

T - 1 0------
-6 0,6. 10 cex. 

.ClliSI JKH.ClKOrO KCeHoHa: 

T 
0 

- 1 --;,-86 .10~5- = 3,5 .10-6 

nnsr Taepnoro xceaoaa: t 
1 0 T = ----- = 1,8.10- cex. 

0 5 
5,5 .10 

8xcnepHMeHT IIO.ClTBep.ClHll 8TH paC'It'!Tbi, 

B xaqecTae npHMepa aa pHc. 2 noxa3aHa tf>oTorpatf>Hsr HMnynbcoa, nonyqea

HbiX OT K8Mepbl C TBep.ClbiM aprOHOM OT '18CTHU, npollle.CllliHX B6liH3H K8TOA8i 3LieC 

yCHliHTellb He orp8HH'IHB8eT LlliHTenbHOCTH nepet:~Hero tf>poHT8 ( r HHT =0,1 MKC9K 

H OH8 coorBeTCTByeT BpeMeHH c6opa aneKTpOHOB. 

cJ>opMHpOB8HH6 '18CTOTHOH X8p8KT9pHCTHKH B H81116M cny'!ae OCyilleCTBliSI9T 

CSI npOCTb!M R C HHTerpO-AHtf>tf>epeHUHpy!OIIIHM tf>HllbTpOM npH p8BHblX KOHCTBH 

TaX HHTerpHpOB8HHH H AH4Jtf>epeHUHpOB8HHSI ( r HHT = T AHtiJ = r ) • 

llpH Bbi6ope KOHCT8HT tf>HllbTpa C06liiOA8eTCSI ycnoBHe/6/ 

T ~ T 0 • 
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YcHneaHe aToro aepaBeHCTBa npHBOllHT K pacmHpeHHIO HMnynbca H ysenH'IH

saeT onaCHOCTb aanolKeHHft, a CBeaeHHe ero K paBeHCTBy Bbi3biBaeT H9KOTO

py!O aaBHCHMOCTb aMnnHTYllbl ( B npeaenax 4%) OT BpeMeHH c6opa aneKTpOHOBo 

TaKHM o6paaoM, nony'leHHbre Bhrme aaa'leHHSI T c 

ManbHbiA llHanaaoH KOHCTaHT ciJHnbTpa. 

onpeaenRJOT MHHH-

AMnnHTYlla CHrHana HOHH3aUHOHHOA KaMepbl aaBHCHT OT aHeprRH1 "OCTaB-

neHHoll:" qacTH~eA B pa6o'leM o6'beMe KaMepb1 £
1 

, cpeaaeA aaeprHH o6paao-

BaHHSI napbl HOHOB (<) nonolKeHHSI Tpexa, acjlcjlexTRBHOCTH c6opa anexTpo-

HOBo MHHHM8nbHaSI 8MITnHTYll8 CHrHana, He06XOllHM8SI llnSI oueHKH Tpe6yeMOft 

'IYBCTBHTenbHOCTH Tp8KTa1 Ha6nJOllaeTCSI B aprOHHOft KaMepe npH 8H8nHae CHrHa

na1 Bbl3b!B89Moro 'laCTHil8MH1 nponeTa!Oll[HMH B6nH3H ( f min •0,2 CM) 8HOll8 

npH M8KCHManbHOM MelKaneKTpOllHOM p8CCTOSIHHH ( d max •1 CM). MHHH-

ManbHaH senH'IHHa aaseaeaaoro aapRaa B aToM cny.ae 6yaeT: 

£1 ·fmln•e 
Qmln = w • d 

max 

rae 

(I =5,4 Mas/1/ • 
w =25,4 as/5/, 

6 -o· = 5,4 .}0 • 0,2 .},6 .10-19 -15 
7 .}0 K. 

min 25,4. I 

3ToT cHrHan aonlKeH 6hiTh aaperHcTpHposaH no xpall:aell: Mepe B cpeaHHX xa

aanax aaanHaaTopa. DnR TpaHaHcTopHbiX aaanHaaTopoB aTo cooTBeTCTByeT 

aMrrnHTyae Ha HX Bxoae oxono 5 B. YpoBeHb CHraana, rrepeaaBaeMoro no anHH

HoMy xa6en101 aonlKeH 6biTb nopS!aKa 100 MB, 'IT06bi He yxyamanocb oTHomeaHe 

CHrHan/myM. OoaTOMy M8KCHManbHb1A KoacjlcjiHUHeHT nepeaa'IH nHHeii:Horo ycHnH

TenSI c yq~TOM ocna6neHHSI B cjlopMHpyJOIUHX uenSIX aonlKeH 6biTh paBeH: 

Kny= 50. 
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OcTanbaoe ycHneaHe o6ecne'IHBaeT KaMepHbiA npeJlycHnHTenb, xoacjlcjiHuHeHT 

nepeJla'IH KoToporo JlOnlKeH 6biTb oxono: 

K 
ny 

-3 12 - 1 100.10 ;:: 16.}0 B •K 

6 ·10_-15 

(aa aarpyaxe 50 oM). 

3aepreTH'Iecxoe paapemeaHe TpaxTa onpeaenReTcSI npelKae Bcero myMo

BbiMH CBOftCTB8MH npeJlyCHnHTenRo 

npHHUHITH8nbH8SI CX~Ma npeayCHnHTensr ( CMo pH Co 3) BKn10'189T B C9651 

JlBe Tp8H3HCTOpHbi9 ycHnHTenbHbie CeKUHH. 0epB8SI CeKUHSI ( Tp8H3HCTOpbiT 1 ,T 2 ,T 
8

) 

co6paH8 no 06bi'IHOil: 38pSIJlOBO'IYBCTBHTenbHOil: CXeMe C TOKOBbiM BbiXOJlOMo 

DocTOHHCTBO 9TOft CX9Mbl - cna6asr 3aBHCHMOCTb KoacjlcjiHUH9HT8 nep9Jl8'1H OT 

BXOllHOA 9MKOCTH1 'ITO B8lKHO anSI K8Mep C nepeMeHHblM MelKaneKTpO.llHbiM pac-

CTOSIHH9Mo 

lliyMbi npeaycHnHTensr o6ycnoBneHhi npelKne scero myMaMH sxonaoro ycH .. 

nHTenbHoro aneMeHTa. noaToMy Ha sxoae npHMeaea ManomyMRlllHA noneaoR 

Tp8H3HCTOp C p - n -nepexonoM H xaaanoM 

S =4 Ma•B-1 H TOK 38TBOpa 

"n" -THna. TpaHaHcTop HMeeT 

KpyTH3HY It =3•10-12 a. 

0CHOBHbiMH HCTO'IHHK8MH myMa 6yayT SIBnSITbCSI: 

1) TennosoA myM KaHana; 2) apo6oso~ myM TOKa aaTBop~;3) Tennosoll: 

myM conpoTHBneHHSI CMemeHHSI aaTBopa. OueHHM aTH cocTaBnRJO!IIHe/7 I. 

0epB8SI KOMITOHeHT8 myMa 9KBHBaneHTH8 .neii:CTBHIO IUyMRlllero COITpOTHBne-

HHSI R B • 

R 
B 

BKnJO'IeHHoro nocneaoBaTenhHO co sxoaoM: 

~ 0,7-

s 
= 175 OMo 

BTopa.s! H TpeTb.ll KOMITOHeHTbl 9KBHBaneHTHbl aeftCTBHIO myMRIUell: npoBO

llHMOCTH1 BKni0'19HHOll: rrapannenbHO BXOlly: 

Gp 
q It 1 

+-= 
2kT R

6 

19 -12 
1,6. 10- • 3 .}O + 1 .10-9 10-9 CHM; 

2.4 .w-21 
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T.e. 8TOT lliYM OIIpenenSieTC.II B OCHOBHOM COIIpOTHBli9RH9M CM9lli9RHSI 38TBO-

pa. 

CyrueCTByeT OIITHM8libH8SI BeliH'IHH8 BpeMeHHbiX KOHCT8HT !lJHlibTpa r OIITt 

rrpH KOTOpO~ OTHOllleHHe 
6

CHI'Han/myM" MaKCHM8libHO (9TO COOTBeTCTByeT paB

HOMY BKlia)ly rrocnenOB8T9libHbiX H rrapannenbHbiX HCTO'IRHKOB myMa): 

T 
onT. 

rne CI BX 

f:~ • .,ax v'~ GP 

- CyMM8pH8SI eMKOCTb Ra BXone; M8KCHM8libH8SI BenH'IHH8 ee 

nnSI Hamero cny'laSI cocTaBnSieT 60 n!lJ, TOI'Jla 

12 ""i75 -6 
T = 60 .l(r v'--- = 25,1 .10 C9K, 

onT, 10-9 

K CO:lKaneRHJO, B HallleM cnyqae pa5oTaTb C r = r OIIT H3-3a 50liblliOI'O BliHSI

HHSI HaliO:lKeHH~ HMIIYlibCOB TpynRo. llpH pa5oTe C r < r OIIT 5yneT rrpeo6na

naTb Terrnoaol!: myM rrpoBOJlSilllero KaHana rroneaoro TpaH3HCTopa, H paapellleHHe yxyn

lliHTCSI. 803MOlKHbiM Bb!XOnOM B 8THX ycnOBHSIX SIBIISieTCSI IIpHMeHeHHe BXOnHOI'O TpaH-

3HCTOpa C 60IIbllleli: KpyTH3HOH HliH rrapannenbHOe COe)lHHeHHe HeCKOIIbKHX TpaR3HC -

TOpOBo 0nRaKO CpaBRHTelibHO 60liblli8SI BeliH'IHH8 MHRHM8libHOI'O CHI'Hana II03BOIISieT 

norryCTHTb ReKOTOpoe IIOBbillleHHe myMa H He IIpH5eraTb K YK838HHbiM Bhillle MepaM. 

BTopaSI ceKUHSI rrpeJiycHnHTenSI (TpaH3HCTOpbi T4,T
5

) SIBnSieTcSI ycHnHTe--. 
neM TOKa, OXBS'IeRHbiM o5me~ rrapannenbROH OTpHUaTenbRO~ o6paTHO~ CBSI3b!O 

rro ToKy. BnaronapSI rny5oKHM o6paTHbiM CBSI3SIM, Koa$$HuHeHT rrepeJia'IH rrpen

ycHnHTenSI Mano oTnH'IaeTCSI OT rrpenenbHoro 3Ha'leHHSI 0 orrpenenSieMoro rrapaMeT

paMH uerrell: o5paTRhiX CBSiaell:: 

104 I\ a 
3,2 • lOll -1 

( a • k ). K ny 
C 4 • R4. Rt2 12 2. ur .33o. 47 

8 3aKliJO'IeHHe IIpHBOnHM OCROBHbie TeXRH'IeCKHe xapaKTepHCTHKH TpaKTa, 

1. Koa$$HUHeHT nepeJia'IH nHaell:Horo 

yCHliHTenSI (IIpH r HHT, r nH$) 

2. nHafi830H KOHCT8HT $opMHpOBaHHSI 0 

MKCeK 

8 

perynHpyeMbiil: 0-t 50. 

0,1-0,2-0,5-1,0-2,0-5,0. 

3. BxoJIHoe corrpoTH·BneHHe nHRe~aoro 

YCHliHT9llSI 0 OM 
50' 

4. llopor 8KCIIaRnepa, B - perymrpyeMbiil: O-t10. 

5. Koa$$HuueRT rrepena'IH rrpenycHnHTenSI, 

-1 
a•K 

6. 3HepreTH'I•3CKoe paapemeHHe 

( rrpH C I ax MaKc=60 rr$, ~!\A: 
r HRT. = r JIH$. = 1 MKCeK) 0 

K8B 

7. CKB03HaSI aemme~ROCTb TpaKTa ( npH 

H3MeReRHH cHrRana Ra axone aaanH

aaTopa B npeJienax 0,5-t10 a), % 

3,2·1011~ 

68. 

:!:_0,5. 

8. Pa5o'laSI rronSipHoCTb HMrrynbcoa acex 

6nOKOB TpaKTa OTpHUaTenbH8SI • 

flHTepaTyp a 

1. n.B. ronOBliHOB, B.Jl. Pn6uoB, B.A. CnnaeB, A.JI. llBHHeB. Coo6meHHe OHHH, 

P 13-5404, Jly6Ha, 1970. 

2. IO.B. KynHKOB1 H.H. ManamKeBH"'l, B.Jl. Pn6uoB, B.A. CnnaeB. CootJmeHHe 

OHHH, P 13-5403, Jly6Ha, 1970. 

3. L.S.Miller, S.Howe, W.E. Spear. Phys •. Rev., ~66, I 87~ (~968). 

4. D.W. StNan. Proc. of the Phys. Soc., 76, No487, 36 (~960). 

6. J.H. Marshall. Rev. Sci. Instr., 25, 232 ( ~ 954). 

6. A.B • .ll)f(Hllnecnn. CnrHan, myM H paapemaiOICiaH cnoco6HOCTb ycnnHTenell, 

ATOMH3.QBT, M., 1964. 

7. !O.K. AKHMoB, A.M. KanHHHH, B.ctJ. KymHHpyK, X. IOHrKnaycceH. 'nonynpoBo.a

HHKOBble .QeTeKTOpbl H.QepHbiX flBCTHil H HX 1IpHMeHeHHe1 ATOMH3.QBT, M., 1967. 

PyKonHcb nocTYnHna B HaoaTenbCKHI oTnen 

14 OKTH6pH 1970 rona. 

9 



-
rK IIY 3 

f---- AU 1./fl t---- t--
f-

1 

nY 4> - "'" '- 0C'~ . 
......_ 

Jr- .... -- . f-- r· 

I I( 

I 
c c c c 

L........-f 
• CCI 

PHc, I. EnoK-cxeMa crreKTpoMeTpH'!ecKoro TpaKTa, PHC, 2, J.iMrrynbCbl HOHH38UHOHHOll KaMepbl Ha TBepllOM aproae; T HHT.=O, I MKCeK; 
r .h =1,0 MKCeK; M8CiliTa6 ropH30HT8nbHOJ! pa3BepTKH 0,5 MKCeK/nen, 

nH"', 

10 

11 



• 

ll5-3JIJ 
+12 g 

+ 
C2-68,0 I 

I 
+ 1 CB-J.oo,o R/2-47 R/4- (~<2 

Rlt-330 
C3-IO,O 

8bt J(OO 

._, 
R'1,18K 

/115·3~0 +cff- 6B,o 
Ill~- f(Jt.: 

/llo-330 
ll/6-2"2 

~ ' c-12# 

i C6-68,o iCIO·r 
R6--l ro,., 0 

I ll IG:l 
C5-f /l!T-51 

KOHTf'OAb 

PHc. 3. npHHUHIIH.!nbHSSI cxeMa KaMepHoro rrpenycHnHTen>lo 
.···f! 
'~\~ 

12 

I 


